controllable and scalable methods. Creating covalent junctions between CNTs is one of the most crucial steps to build CNT-based 3D macroscopic architectures [17] . Recently, there have been a few efforts to build such covalently interconnected 3D-CNT building blocks using chemical vapor deposition (CVD) technique [2, 3, 18] and solution chemistry [19, 20] .
To create 3D-CNT based macro-architectures via solution chemistry, surface modification is one of the fundamental requirements. The essentials of chemical functionalization approach to create CNT frameworks rely on organic bridges which are bonded to CNTs and this approach has been used by several groups during the last decade [19, [21] [22] [23] . In these reports, CNT materials were produced using chemical functionalization, consisting of bonds with functional groups such as amines.
The Suzuki cross-coupling reaction, which is one of the most popular synthetic routes to create carbon-carbon (C-C) covalent junctions, has been used in a variety of real world synthetic applications. Some of which are the synthesis of natural products [24] and the formation of materials for energy and electronics [25] . It is a general method for creating carbon-carbon single covalent bonds between organic halides and boronic acid derivatives using Pd-based catalysts. Previously this crucial method has been used by Cheng and Adronov for the surface functionalization of CNTs [26] . Here, we report the scalable synthesis of 3D macroscopic solids made of covalently connected nanotubes via Suzuki crosscoupling ( Figure 1 ). The resulting CNT solids are made of highly porous, interconnected structures made of chemically cross-linked carbon nanotubes. The CNT solids represent the next generation of carbon materials with several potential applications; we demonstrate here one such utility in the removal of oil from contaminated water [2, 3] . Raman spectroscopy (633nm laser), X-ray photoelectron spectroscopy (XPS), scanning electron microscope (SEM)(SEM, FEI Quanta 400 ESEM FEG), transmission electron microscope (TEM)(JEOL 2100 Field Emission Gun TEM), and low temperature nitrogen absorbtion Quantachrome 3 Autosorb-3B BET surface analyzer and thermogravimetric analysis (TGA) were used as characterization tools.
The Suzuki cross-coupling reaction occurs between aryl halide and boronic acid derivatives.
The reaction mechanism of the CNT interconnection using Suzuki cross-coupling reaction is shown in figure 2 . Firstly, the CNTs (Cheap tubes inc., 20-30 nm outer diameter, 10-30 µm length) were refluxed in concentrated HNO 3 for 18 hours to produce shortened and oxidized CNTs with oxygen-containing groups, the majority of which contain carboxyl groups (1) [27] .
This oxidative procedure is also necessary to remove unwanted amorphous carbon and other residual metal impurities [28, 29] . Then, the carboxyl groups (CNT-COOH) (1) were converted to the corresponding acid chloride (CNT-COCl) by reacting with SOCl 2 at 80 To create junctions between CNTs using solution chemistry, surface modification of CNT is necessary. The modifications of the surface of the CNTs are confirmed using Raman spectroscopy [30] (figure 3a). Raman spectra of CNTs typically has two peaks, the G-band which is closely related to vibrations of sp 2 carbon materials, and the D-band which comes from the disorder of CNT sidewalls [31] . A quantitative measure of defect density in the CNT sidewalls can be determined from the ratio between these two bands, I D :I G . This ratio is used for obtaining information about the structural changes as a result of functionalization [32, 33] .
The Raman spectra of these CNTs show a disorder mode (D-band) and graphitic mode (Gband) at 1349 cm -1 and 1571 cm -1 respectively. As a result of functionalization, the intensity of the D-band increases due to sp 3 carbons in the CNTs after acid treatment [34, 35] . Chlorine atoms disappear after the Suzuki cross-coupling reaction as shown in figure 3d.
These peaks are indicate that the coupling reaction took place successfully. Apart from the spectroscopy characterizations the junctions were imaged using scanning electron microscopy (SEM) as well as transmission electron microscopy (TEM).
BET surface analyzis was used to determine the surface area and porosity of the pristine CNTs and the 3D-CNT solids. Freeze dried pristine CNT and 3D-CNT solids were degassed 17 hours at 200 °C , then BET surface analyzis carried out. The N 2 absorption shows a type-II isotherm that exhibits a negligible concave section, that is known to be pointed to 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 microporous volume uptake and a quick ascent in total volume close P/P 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 compared to simple junction geometries (figure 5a). Figure 5b shows multi-terminal CNT junctions and their representative schematic figure is shown on the bottom of TEM images. In general it has been observed that the end-to-end junctions are more prevalent than other types of junctions, due to the ends of nanotubes being preferentially modified. The ends of the CNTs are chemically more reactive than their sides because of the presence of defects at these sites ( figure S4 ).The TEM images of X-junction CNTs that have been formed as a result of side-to-side functionalization are shown in figure 5c. All these types of junctions are essential for the CNTs to form solid structures.
Recent reports have proven that one of the potential applications of such porous CNT solids is in oil absorption from water since these are typically oleophilic. Following some of the previous reports on the oil absorption capacity of vapor grown 3D CNT solids, the 3D-CNT solids made here by chemical cross-linking were demonstrated for the same application. The absorbed oil (used engine oil) has been shown to be removed easily by burning the material in air without destroying the structure. The 3D-CNT solid material obtained in this study absorbed ~120 times its own weight of oil within four minutes ( Figure S6 ).
In conclusion, we have reported the well-known Suzuki cross-coupling reaction as an approach to create covalently bonded CNT networks. As a consequence of the cross-linking of the CNTs, the formation of highly porous 3D solids occured. Additionally, multi-terminal junctions of CNTs in end-to-end, end-to-side and side-to-side configurations were observed in the microstructure,also as a result of the cross linking. The approach demonstrates the ability to interconnect nanostructures such as carbon nanotubes using interface controllable chemistry that can lead to scalablesynthesis of 3D solids with controlled morphologies and multifunctional properties. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Synthesis of covalently interconnected 3D-CNT solids: CNTs (12 mg) were refluxed in concentrated HNO 3 for 18 hours to produce shortened and oxidized CNTs, which have terminal, mainly carboxyl, oxygen-containing groups,. The oxidized CNTs were then washed with DI-water until pH=7. Then CNTs were refluxed in 50 ml SOCl 2 and 2 ml 1,2-dichlorobenzene for 24 hours. The CNTs were sonicated for 10 min and added to a flask.
Experimental Section
Next, 60 mg Pd(PPh 3 ) 4 and 160 mg Cs 2 CO 3 in toluene (30 ml) were added to said flask. The reaction was run at 100 °C, for 5 days under Ar atmosphere. Then the final product freeze dried.
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